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Abstract 
 
The dominant life cycle model of building materials and components is a linear 
system, which ends in demolition and disposal.  If however, the act of demolition is 
replaced with the act of disassembly, more materials and components can be reused 
and recycled.  This suggests a different life cycle model, one that accommodates an 
increase in service life.  To achieve extended service life designers must design 
buildings for disassembly to facilitate the new steps in the life cycle and encourage the 
reuse and recycling of materials and components.  Experience gained in the industrial 
design field and knowledge from attempts at creating disassemblable buildings can be 
used to create a set of guidelines for design for disassembly.  Such a set of guidelines 
could be implemented to extend service life and improve environmental sustainability. 
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1 Introduction 
 
Different parts of buildings have different life expectancies.  This may be caused 
by the physical breakdown of the materials or components, but is more usually caused 
by a cultural or social change to which the building can no longer respond (Crowther 
1998).  As a result, while the structure of the building may have a service life of up to 
sixty years, the cladding of the building may only be suitable for twenty years.  
Similarly, services may only be adequate for fifteen years, and the interior fitout may 
be changed as frequently as every three years (Brand 1994).  These different service 
lives do not generally however have a relationship to the actual physical serviceable 
life of the materials and components used.  It is quite usual for ‘temporary’ parts of 
buildings to be fixed in permanently, preventing easy disassembly.  At the end of the 
material’s or component’s service life there is usually little option but for demolition 
with the associated waste disposal in landfills. 
If buildings were designed for disassembly the alarmingly high rates of waste 
disposal from demolition could be avoided.  Despite the potential economic and 
environmental benefits of disassembly, the practice has not been widely accepted in 
the construction industry.  Overcoming the problems of designing for disassembly 
could result in an increase in the service life of materials and an improvement in 
environmental sustainability. 
 
 
2 Existing model 
 
A life cycle assessment of a building involves making an environmental 
assessment of all of the impacts that the project has at each of the stages of the 
building’s life cycle.  The commonly used model of life cycle assessment for materials 
and energy is based on a linear model of the building over time.  This linear model of 
the building’s life treats the project as a once through system in which the building 
progresses through a number of stages from inception, through design, construction, 
operation and maintenance, refurbishment, and finally to demolition.  Similarly the 
model of the life cycle of materials is treated as a once through system passing from 
raw materials extraction, through materials processing, assembly and construction, 
operation, and finally to demolition (figure 1).  This life cycle model is often referred 
to as a ‘cradle to grave’ model, where an assessment is made of all the impacts from 
the materials birth to its death (Yeang 1995) (Hansen et al. 1994). 
In performing a life cycle assessment, each of the stages of the life cycle is 
assessed for the potential environmental impacts at that stage.  These impacts will 
relate to the inputs and outputs to and from the system and may include, but not be 
limited to, natural resource depletion, energy use, pollution and waste production, 
species and habitat loss, human health, and social issues.  In particular these impacts 
typically include: 
 
• depletion of scarce and non-renewable fuels such as oil and natural gas 
• depletion of scarce materials such as exotic hardwood timbers 
• depletion and contamination of scarce water supplies 
• depletion and pollution of scarce farming land for non farming purposes 
• generation of CO2, CFC, and other airborne pollutants 
• destruction of rare native plant species 
• destruction of native animal habitat such as rainforests 
• creation of health risks in the use and disposal of toxic materials 
• creation of occupational health risks through biological and  chemical pollutants 
• contamination of the natural and built environment through pollution generation 
and waste disposal 
 
If impacts are plotted against the stages of the buildings life cycle, a matrix is 
generated that can be use in making a life cycle assessment (figure 2). 
If such a matrix is created for a generic building project, within the dominant 
mode of operation of the construction industry in industrialised countries, there will be 
negative impacts at all stages of the life cycle and in most areas of environmental 
impact.  There are some areas though, that will repeatedly show up as sources of major 
potential problems.  For example at the stage of natural resource extraction there are 
usually major impacts in the areas of resource depletion and species and habitat loss.  
At the stage of processing resources into materials there is usually a major energy use 
impact.  Similarly during the stages of construction and use there is a major input of 
energy.  At the far end of the life cycle the building reaches the stages of demolition 
and disposal.  At this point there are usually major social impacts and problems of 
waste and pollution generation.  Some of these obvious impacts may however be 
avoidable. 
While within current building industry practice the act of demolition does 
generate some material for reuse and recycling, the majority of materials are simply 
dumped as waste.  In Australia there is an established industry dealing in reused and 
recycled building materials from residential building demolition.  As much as 90% of 
materials and fittings are often reused or recycled.  These practices are not however 
transferred to the commercial building industry where as little as 11% of demolition 
material is recovered for reuse.  Up to 58% of the demolished material is salvaged for 
reprocessing, and the remainder is simply dumped into landfills (Salomonsson and 
MacSporran 1994). 
In 1989 Australians disposed of almost two million tons of construction and 
demolition waste in landfills (Salomonsson and MacSporran 1994).  In Canada the 
annual quantity of construction and demolition waste is approximately four and a half 
million tonnes and in Europe the quantities of demolition waste are measured in the 
tens of millions of tonnes per year (Christensen 1994) (Environmental Resources 
Limited 1980). 
As well as these issues of waste and pollution generation there is the loss of the 
embodied energy that was used at the stages of natural resource extraction and 
materials processing.  When the embodied energy of the demolition waste is assessed, 
as much as 45% of the building’s embodied energy ends up lost into landfills (Tucker 
et al. 1994).  While the calculation of embodied energy is only relevant for each 
particular project, there are general studies that show that the embodied energy in a 
residential building is equivalent to approximately ten years of operational energy.  
Similarly the embodied energy of a commercial building is equivalent to forty to fifty 
years of operational energy (Doyle 1994) (Treloar 1993).  Given the alarmingly short 
life span of many commercial buildings, as short as thirty to fifty years, demolition 
then represents a loss of as much as 25% of the buildings total construction and 
operational energy use. 
Embodied energy figures can also be compared with total national energy use 
figures.  For example in the United States of America the building construction 
industry, including the energy embodied in building materials and components, 
represents approximately 6% of the nation’s annual energy use (Hannon et al. 1978).  
The embodied energy lost in demolition therefore represents approximately 2.7% of 
the nation’s total annual energy use, and a similar amount of embodied energy is lost 
in recycling and reprocessing materials rather than reusing them. 
 
 
3 Alternative model 
 
While this scenario of construction and demolition sees materials being used in a 
cradle to grave method, it is not the only model of life cycle.  This cradle to grave 
model has the human analogy of birth and death, but it is a very limiting one for 
building materials and components.  Human life is not a cycle but a linear chain of 
events.  Similarly the common model of a materials life cycle is a linear chain of 
events with a beginning and an end.  This concept of boundaries in time is actually not 
an appropriate representation of the life cycle of materials which do not travel a linear 
path but do in fact follow a true cycle of life in which they may have many 
incarnations within the built environment.  Unlike humans, materials and components 
can be reused, remanufactured, recycled and reconfigured.  Indeed many materials 
may never actually reach the grave. 
Any assessment of the environmental impacts of a building material or 
component must take into consideration this notion that a material or component may 
pass through certain stages more than once. 
If we recognise the potential for a true cycle of life, it is possible to divert the 
flow of materials from disposal and save the energy embodied in them by avoiding the 
strategy of demolition and disposal.  If we add an alternative act of disassembly, a new 
model of a closed-circuit cyclical system can be created (figure 3).  This new model 
incorporates a number of more environmentally attractive options that should reduce 
the quantity of waste and pollution generation, and reduce the loss of embodied 
energy, while extending the service life of materials and components. 
Industrial and product design practice has already recognised the potential for 
disassembly of components and materials for reuse and recycling.  Many automobile 
manufacturers and computer manufacturers have an established program of product 
retrieval for disassembly (Rosenberg 1992).  A study of the existing practice of 
designing for disassembly in industrial design reveals a number of new stages in the 
life cycle of materials and components (Dowie and Simon 1994).  Similarly, a study of 
existing and historic examples of buildings that have been disassembled for reuse, 
reveal a number of new stages in the life cycle of building materials and components.  
In order to successfully achieve these new stages in the life cycle it is necessary to alter 
the way in which a building is designed.  Based on a study of these architectural 
examples of disassemblable buildings, it is also possible to establish a number of 
design guidelines that can assist in the design of buildings for disassembly (Crowther 
1998).  
Firstly, the act of disassembly itself as an alternative to demolition.  This 
involves the deconstruction of the building, or parts of it, in what is basically a reversal 
of the construction process.  Some of the design guidelines that will assist in this 
process are:  
 
• provide access to all parts of the building that are disassemblable to facilitate 
easy manoeuvring of components during maintenance and disassembly 
• standardise the number of types materials and components to make disassembly 
quicker and more efficient 
• use a minimum number of connections to allow easy and quick disconnection 
• create separation of building structure, envelope and internal walls by using 
separate construction systems 
• use an open system of construction rather than a closed system that would limit 
combinations of arrangement in future alterations 
• reduce the number of different types of connections to reduce the number of 
different operations required 
• use standard building practice appropriate to the location so that tools for 
disassembly are readily available 
• use mechanical connections, not chemical connection 
• provide identification of all points and methods of disassembly 
• design components and materials to a size that is appropriate for the intended 
means of handling during disassembly 
• allow for a hierarchy of disassembly related to component service life and the 
expected time till obsolescence 
• allow for parallel disassembly, not sequential disassembly so that individual 
parts may be removed without disruption to other parts 
• provide a manual on the total disassembly of the building to ensure that 
knowledge of the building is preserved. 
 
Next, salvaged materials and components must be sorted.  This will generate 
components for reuse, materials for recycling, and some waste for disposal. In order to  
better facilitate this process of sorting there are a number of guidelines that can be 
followed: 
 
• provide a permanent means of identification of material and component using 
standard international identification markings to help avoid contamination in 
recycling 
• minimise the number of different types of materials and components to reduce 
sorting time 
• avoid hazardous and toxic materials that may make disassembly dangerous or 
create contaminants in recycling 
 
Finally, there may be a requirement to recondition or remanufacture the 
component to return it to the expected performance standards.  This may typically 
include the replacing of parts or surfaces that have suffered excessive wear and the 
reshaping of deformed components and parts.  Some of the guidelines to assist in this 
process are: 
 
• reduce the number of wearing parts that may need to be serviced 
• use sacrificial materials and components where wear is unavoidable and allow 
for their easy disassembly from the whole 
• design to avoid permanent deformation during assembly, use and disassembly 
• make components and materials modular and standard to improve compatibility 
with other components 
 
There will also be other minor stages in this new system such as extra 
transportation and storage of the salvaged materials. 
If we now look at a life cycle assessment using this new life cycle model we can 
identify any new areas of environmental impact that the new stages are likely to create.  
At the disassembly stage the major impact should be in the area of energy use.  
Depending on the extent to which the building is disassembled, the process may use 
almost as much energy as the assembly process.  This energy use may have major 
problems of CO2 and other pollution creation if it is generated using non-renewable 
resources such as the burning of coal and oil.  All other negative impacts at this stage 
should be minor.  At the stage of sorting there may be some generation of waste for 
disposal but this will obviously be considerably less than a demolition strategy will 
generate.  Finally the process of reconditioning and remanufacture has the potential to 
use energy and resources but at a greatly reduced rate compared to the manufacture of 
new components. 
Of most interest though are the negative environmental impacts that can be 
avoided using this strategy of disassembly.  The life cycle assessment matrix for a 
disassembly strategy shows those major impacts that can be taken out of the cycle of 
materials (figure 4).  At the natural resource extraction stage the impacts of resource 
depletion and species and habitat loss can be avoided or at least reduced.  At the stage 
of processing resources into materials there is a potential major saving of energy use.  
Depending on the scale to which buildings and components are disassembled, there 
may be a significant saving of energy in the reassembly process.  At the other end of 
the life cycle, the waste and pollution created by disposal of waste can be avoided or 
reduced, and finally the negative social impact of demolition may be avoided.  These 
reductions in negative environmental impacts may add up to an overall improvement 
in the environmental sustainability of the built environment. 
 4 Conclusion 
 
The common model of life cycle assessment, based on a cradle to grave concept 
of life, which is not a cycle at all, is not an appropriate way of representing the real life 
pattern of materials and components.  This model sees materials and component 
created, used once, and disposed of.  Materials however may be reused and recycled 
repeatedly avoiding the grave and extending service life.  A more appropriate model 
recognises the act of disassembly as a strategic part of the life cycle that can help to 
achieve improved economic and environmental performance. 
While the problems of disassembly have not been extensively investigated in the 
building industry, there are some important examples of buildings where there is a 
developed understanding of the principles of design for disassembly to improve reuse 
and recycling.  This is generally performed for its economic savings, there are however 
also considerable environmental benefits.  These include: 
 
• a reduction in the energy used to process and manufacture the materials 
• a reduction in the depletion of natural resources 
• a reduction in the volumes of waste going to landfills and incineration 
• a reduction in pollutants entering the environment 
• an extension of service life to reduce embodied energy impact 
 Where the process of disassembly has been successfully incorporated into the 
life cycle of some products, the life cycle becomes a closed-circuit system in which the 
materials or components may pass through the system repeatedly.  A life cycle 
assessment model that incorporates the stages of a disassembly strategy can highlight 
the environmental advantages of designing for disassembly, showing how it can extend 
service life and thereby improve sustainability. 
While the guidelines presented here are in no way a complete list, it is hoped that 
this research will point towards a different way of approaching the use of materials and 
components, a way that recognises that they have multiple lives that may be measured 
on a different scale to human life.  Further research on this topic is hoped to expand on 
these guidelines and to confirm the quantitative environmental benefits of 
implementing them in a design for disassembly strategy. 
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